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PURPOSE: To further expand the operating range of a DC 
brushless motor using a rotor provided with permanent 
magnets for field at a continuous rated current. 
CONSTITUTION: A DC brushless motor is constituted of an 
armature 31 and rotor 32. The rotor 32 is provided with a 
rotor yoke having four main poles 321 on its outer 
periphery. In each main pole 321 of the rotor yoke, a slot 
322 having a diametral size of Lm is formed and a 
permanent magnet 323 for field having a thickness of nearly 
Lm is buried in each slot 322. The size Lm and the length Lg 
of the air gap between the rotor 32 and armature 31 are 
decided so that they can meet a relation, 0<Lm+Lg<2mm. 
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1. 3 mm) Tte, ltt(j£ L£ J; 5 IC, J9jfiJtd*4T* 0, 

[0 0 8 61.ioT, 0. 3mm£Lm+Lg£l. 3mm 

[0 0 8 7] «33*it^4a±T«ntf. m^x 

[0 0 8 8] Kid, «5©«mcoir»TH7*«UTR 
-5. 

[0 0 8 9] ia8{C, d«K«»£ttS&^»&i, ^ 
»WK:*fflL&*«HI!K:*W**««*^a5 3 2 3 

*4, ^e— ^lfcfrft*rBfi!M***ft#» (jgjg) (Z)t>co-es 

[0 0 i 0] ^0^7*6, a5(D«*Sl«igf©gM 

<ST2i**c:£*4&V^ fMBfcBB£:0*J6U - 

[0 0 9 1] *SS^l©#a;B*Aa5 3 2 3<£>j?£ 
tt, lmmTabD, Efr53M£-C£>/^— >7>7 (-1, 0. 0 
6 t#*fc/hS^£»*«£tt3 0 kOe£lUt©ajW« 

4«t»d, s&. as**"e»4sa*3&«*#ir5fca6, 
a5##T#aufc«icaaisf»t*^A /fc - s ^ ^ 

0<Lm+Lg^2XD/5 1 
0<Lm+LgSl. 3XD/5 1 
Lm + Lg>2XD/5 if*Jfa&*/J\ S < , 
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[0 0 9 2] ±r>T, IHS«*^a5 3 2 3 tBBT3 
fcflt*0#a*Hi. -^£5iC»&^*^ifr5 3 

2 3 3 2 i fc*aM^j^BT*BfcfT5 ^ t 
iz^Kis Rmmjki\m&3 2 3<&*ai$tf>^--*7 r >x 

^£0 *Sffl*^ffi5 3 2 3 S*f «0!)ttST 

10 "±88 3 2 1 Ki£^&#£(DT, Ba«§I#<&JK«£S 

[0 0 9 3] §K3 2©«(;f 

aa-^SERU I7?t^^0. lmn««K:« 

aff-pjra^mtfts. 

[0 0 9 4] Ifaffl *Aas3 2 3 o*a^n-r 
^lTt»3 10jBff«t«|, ft 

ii"3 1 *t 83-^ tLTffi^-swff^ mm 

20 TSlHBa-^iLTflMt, A-S7>yU4 
3. 41Si:ft5^ »ffl»B3-^M^fti^tH 
2 0kOe^Tf8«Tfc^ ^O^fr 
»4. »fl»«3-**Wr*Cij^#*. 

**#<^^— X***< bTiBa*ft»lpSia:, gHg 
^3 2 <&R;*fl>g D£;*;#< (g2# 

30 Z>Tz#)\Z* BfiO«**t< LT/W7>^«< 

[0 0 9 6] DC77yl/X€-*©fflA*/hg 

Id, iHffif 3 2 0ft*rtlD^/h$<, essc^/p^^/h 

[0 0 9 7] ^COctotd, 16f3 2 0»*^Dfc, 
^5CD^$ UDyh3 2 20f^tSLm) +X7 
^t'^SLg, «Mc, BK?3 2 0fy:»gDi:, a 
5©ff££t4lEOteMMffifc:«S. 
# [0 0 9 8] i-3t, XD7h3 2 2(DgJlSjtSLm 
fc, X7^«>mgt, @Kf3 2©**ft8Dt 
OB« (Lm + Lgt, Di«) j&rpfg (1) 5££ 
5 KRfiS ft* »*L<», TfB^C (2) SC 

*»S"r^«t5(cR^$ns. 

[0 0 9 9] 

■ • • (1) 

(2) 

[0 10 0] fc;fc, Lm + Lg(DTIIit 8uSEL*:£ 
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(9) 



10 



20 



15 

fctts iDfiPSKH, Lmt, Lgi, Dt<DM% 
**TE (3) aCt«fir*J:5«CBftSn, S6l:»S* 
0. 3n<Lm+Lg^2XD/5 1 
0. 3mm<Lm+L 1. 3XD/5 
3445, *5S9iTftt, DC^7yl/X^3(t El 2 
^TSljSofeotclS^snT, dote, waiI, i9(: 
^"tct^fc:. l o co l rD&g\zxo y h 9)Wgjdc 

an, -eaxn*/ h9fcjHSffl*A«5i 

[0 10 2] ZL<D£5\Z* ±mmi 0CDl~D£>^\Z$m 

**JSM£|s|«t;:* Lm+L ga*Efr€<B^*jt£J8|J£-r 
S±51£5ean*. fit, [hM^3— ^ 

OX by h9©ff:*flrt-» (SKaJPa^lPjfl^ft) (0 1 
/2 ^Lmit^, 

[0 10 3] ^d, **l80*J»S«lCt3UiT»jWfCltt 

[0 10 4] fUStc^T^^ic, BWP*«o-f >/1— * 
MME6U. a«*ffl^Bf:6 l, ««}B«ltffAff 6 2 

[0 10 5] lHHg^ffilB«tB^a4^ 

z&znztthiz, mm^m^m6 m«$n, sis 

[0 1 0 6] «*©<fr«fft«»6 2tt, itStt^ffico' 

t* ^m^mm^ehizm^x, smnmmmm 
*b • &fsojg^fii£:ir/iju 3 fflma^sstt i u* , i 

[0 10 7] ttffifflMff6 3H 3 ffiSSH^Sft^M 

^\ «»ffl£*fIEU -f >n—^ 2CD&X-T y^m^ 

JO 1 0 8] *SKMfllffi6 3TH HI l \z 

[0109] « Hilt, ®£aitttt*K1I I mr 

©sea, @i qBII oRa^ i<roait?iin5«i 
*-»TH*n45n«<o«iHTanB*n«j:5*ijEU m 

3?> I mr(Z>2 — 4fg§S"Cfe«5o ft 4=5, ii&ECDOtBBS 

[0 1 1 0] H 1 1 IMSMikllirOdi, q 
tt££#T£>£ i q ,, i 4r Tffl£nT^£R3Btf>ttBlT3I 
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J5 



44ock 



30 



40 



50 



*L<tt, (4) SCt«S-r-5J;3 tttgan*. 

[0101] 

• • • (3) 
1 • • • • (4) 

lETScfc 3 M«PTnM3H»HE«^tt t a 3 . 

TH*nfcR±CD»il»Sfca:S. 
[0 111] Sfc i«, D ax cDP3!flIi:, id r OlM§n?H3: 

[0 112] i QB1I , 1 d B1 x Tffl^n^>R!flICD^ 

iTigt^i^as-rnti *afEe*sastrai± 
[0113] ft**, *njfi«rttiartg^ffi««ai#a4 

OEBKTffiBfttftffl-rs^gkSffiVintfi^. 

C0114] 2) m 1 2 , a 1 3 45^^ 1 4 
-en^n, ^awcoDcy^v-ux^—^cDiiie? 

Ote^SlfiEW^^-r^FMElTftS. ft 43, DC^yl/ 
[0 1 1 5] 812 fC^TiSt::, ^(DDC^yl/X 

t-^ciaKftt, *^««»c2^a± (*njfiwr?tt4 
tCcfcD#ij5£anT^s. 

[0116] 7 kwu ^-n-e 

n, xp^h? i«$nx^^ f it, #xd^ 
h 7 1« % -en^en, mi*mh7 2 3&«a*a*n 

[0117] H«^3-^oiB»r-5*sBa7 t±as 
[oils] cns*t»sia8tt, 0£f3- ^©(Hie 

[0 119] «8&^ffi8©5fea«Bii, 

anrv^ 0 cnt<to, ±ia7^6Mr^»$u 
a-&*cit3^T**. 

[0 12 0] &*fS&^ffi8te, -e^Srli 
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[0 12 1] EH&?3— *CDEiei*©*it«3i>6 

[0 12 2] Eli 3 fc*-j-«fc5K:, CCDDC^^I/X 
[0 12 3] *ttA«8tt. 5fcSB«fc, jtfStefaoT-t 

d©i§BE?*igte?Bfr*. 

[0 1.2 4] EI 1 4 STJ: 3 tC, dC0DC^^->l/X 
[0 12 5] ttttft«8tt. 5fe«{cr&]oT^ 
8SSSffi8<7)5feffla8<7>jE:^t)^irVi. cco^m^ 

[0126] #nz, sfc»«ifcKwr*. 

[0 12 7] 

[0 12 8] £CT, * 5 (D*5ZZ» 1 Wl, JHHyB*^ 

d, iqll «WE«T*. 
[0 12 9] 
[ft6] 







li'- 


sin^ 








cos<£ J 



[0 130] »6©*tt Qtt^S^tiBfiffift,. I. 
[0 13 1] ^©IDiiWfM 

[0 13 2] 0 1 SI^HSg^JCODCy^^UXt-^ 



(10) »¥8 - 3 3 1 8 2 3 

[0 13 3] mm\Z^-?<kolz, *8&£ffi8£KW-S£ 

WAH 3 5 0 0 r pmTH ^B-^gMWl %g 
JLh#U 1 0 0 0 r pmTH ^E— $y$mi£2 %m& 

10 [0 1 3 4] 0 1 5Tteh;l^O¥^M£^Lfc7^ # 

tc, ii6L mi 2 -mi 4 ic^-rme^A'-c^ 

[0 13 5] 016ft ig^T9 0£ (i«ftT4 5 

[0136] rasid^-rcta^, iHig^Aco h^u^otm 

A<fc0^lHlfe^B^»^U<, [Mfe^B^D t>0 
[0 13 7] ^{C, @tg^A-CK:fctt:5£»ffi7 

»^ffi8 £<DGLSM&&mwT2>o mi 7\t. ±mm 
[0138] i^^tc^-r^^tc mm^B-wmnn 

i tU HSf©4Bi7 0H>?|fiWl« 
«tft$rtt5tt, SKfATli 7 = 0i + 0* 

30 ©H«JC*0. [Hl^TBT 5 ^ T = 0i + (3/2) X 
62 , EHBTCCtt, r = 0i +2 0 2 coBH«tw*S. 
[0 13 9] R^r h;^0»**<t*/jN«i:Oj|t 

[0 14 0] ^latC^-Tct^iC, 7 = 0 1 +02 CDch 

o*^tfi, fit, 7^7 = 0 

i+ 0 2 3^6**<UT^<ihJ^|R»tt«5>U £ 
^:r^#<LT 4 7 = 0i + 2 0 2 © flu-Rue* 5 0 

t^ili^tS. -CO7 = 0 1 + 2 02 (DBtlfiUcfe-S 
[0 14 1] J:oL *!»38«8tR»S2:i-icJ:D, 

-r^(CH, 0i , 0 2 43cfc£X7J&*, 7>0i +02 CO^f 

«^«St5J;5 (r^ilf^Dy h^ibf^fM 

■•fcOfe^fro RSsntso^jfSK, 7^01 + 
(3/2) x0 2 ow«£j(ijg'r-B<fc5R5eafnT^* 

r0 OWtJjfSK, 7 = 01 + 2 0 2 OHffi^jMS-rs 
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[oi4 2] gn^f-a— ^oisng*i&co*/tfiB^s 
[oi4 3] namnmts <o9esim^(DAi\t. © 

[0 14 4] fcfc, **«g«Ttt, fnettttggS 8 CDft 

[0 14 5] WfBffia^S8 05fe^g2^T^^^[HIfe 

^^J: OK RjgtS - £ T*tJ|&^ffi 8 \Z £ £ Y \t 

[0 14 6] *8fflTft ^©HJB«2 0«d5 

fc, *M5bfc**«llo«|flE4:*ffi*K:|§*^to*Tfe 

[0 14 7] imfoM 3) 019ft *»MODCr7 
TS„ 

[0 14 8] HHKjK-rjc-Sfc, ^ODC^yl/X^E 
-^cOIhJ^^ *MI»fc:2t?fiUb (**JK«Ttt4 

[0 14 9] IU^3-^CD#^aSgl 2l:ft 

So fir, sxoy hi 2 i«, «hf*u 40 

[0 15 0] XOyM2 1©iJ[S]^L 

m, X7^y^lLg, ©eTOg^&D^fct iff 

[0 15 1] liUE?3-^oi»t'&±Bil 2t±a 



^ #Hg¥8-3 3 1 8 2 3 

[0 15 2] £*lSiM&2&«l 3tt, ©jg^S-^CDfU 

SKi^gl 3©jfe«[UBi, 2£Sfr&l 2coft*S 
J[0 15 3] Wf3->0«««XDyh 

satci 2©«#gj«« (£««■«» ^swttseai 

[0 15 4] *ja«ODC^7'>l/X ; E 
1 2— HI 4fC^-T*iS^|2{I^^S(HI(te^*^<tSr 

[0 15 5] ffioT. *HSS^JCDDC^^'>U^^r-^ 
^ tt, ^!BW 1 *5 J:^JS0iJ2 COD Cy^yi/X^-^^- 

[0 15 6] "Tftib^ *HJg0«lODC^^->UX^- 
^Ttt, ^iiS5£»S«ETOSIE[Hie»$effi^2 

[0 15 7] fc*s % <0SHKffl*A«5<0ffS^»< 

[0 15 8] *«59©DC^*>U^^r-^co^H» 

[0 15 9] *^0JODCy^->l/^^£-^^i: 
[0 16 0] KtEftftJkMTtt, ife^^lS 

[0 16 1] *fc % WE**JB«Ttt, *BSffl*A«5 
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Stt (PJMtt) Tft^TUK 
[0 16 2] 

mW(D?J)%:] £X±(D<£?lZ. *«WODCr75/l/7 
[0 16 3] flAB, X7^ty^LgS/J\$<U 

cticiD, mfli^sffEffi a: o % mrwx 

K-hifcfc-f ^ £ tun* # s . 

[0 16 4] &\Z, I7*ty^«Lgt, XD 7 hco 
<Lm+Lg^2D/5 1 &«JSTS«fc -3 

[0 16 5] aMBBTtti, ffi*±Dfc»B©J« 

[0 16 6] #«ffi*A8S5^«ffi(C}fA$h 

[0 16 7] Mffl*M5©t«ffi3^;Pt Lxt« 
[0 16 8] HCT3-£0H^S:£BC&£tta£: 

© iw tc mm? 3 - ^ <?>-g& th $ #fci«s&sga^^ 
[0169] tara^ovisxD^ h«ft«Tfj* 

7>0i + 0 2 % r = ei +2^2 ©M«*«fi 

[0170] *& % **woMWK«»c±n«, 
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[0 2] *R?B©DC^2/UX^— ^©««flflj^t' 

[04] *»Kl<^DC^^U^qB--^<Offl*4*tt& 
[05] *9&912<DDC77isUX*:-f?<Dai3ft1&& 
[06] *»WODC^7->l/^-^OLm+Lg. 

[07] ^wjcjiffisnsjkAaBoftfpftKwr* 

[0 8] *«IBK3««an*^a5©B5*HSB»!B 

[0 9] MRC^ltdiBHErottoittN^tfl 
0T&5. 

[010] ^KK^)««Ptt«o«IAfl&^r^n2/^H 

[0in *»iBfc*w««8K^^ h;ni»*^-ry^ 
[01 2] *3ewt^w«iHite?:<offi<3!)«««is^-r3p 
[01 3] *xmz&\,f*®tt<Dm<Dm&m&7F:TY 

®0T&<5„ 

[0 14] **58t*WSHBE^ottO*dE«(S^-r¥ 
®0T&3 O 

[0 1 5] 0 1 2—01 4 StDC^yyl/X^-^ 
[0 16] 0 1 2—01 4i:^fDC^7yUX^ 

[01 7] ^xn^^ftd^Bc. mm$*m3s±z*z.ti 

[018] *»KfC45»*h;^BR»t r t0DH«S^ 

[01 9] *xmz&vz®m?<Dib<Dmfcm*7R'T¥ 

40 IK^^o 

[02 0] fl£*(DDC^S/UX^E— ^©aaftii^fflia 

KT- & ^"T ¥ T&0 t & -5 o 

[02 1] ^C0DC^^->l/X^e~^(Z)£iS^7#tt^ 

3 DC^yl/^-^ 
3 1 H*^ 
^ 32 - m&Ff- 
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321 ssm 

322 XUyh 

3 2 3 JWB*AJBS 

5 ttfi&tfJ^S 

6 <>;wswi 
6 1 m&tk&^m 

e 2 v mw^ttfpjss 

6 3 ttKMHSE 
7 



(13) 

7 1 
7 2 
8 
9 

1 0 
1 1 
1 2 
1 2 1 
12 2 
10 13 
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[011 



[0 2] 



[09] 




lqmax 



—197— 



II 



(14) 



<&ffl¥-8-3 3 1 8 2 3 



[05] 



[06) 




/ 13=00 

id = ossiai iaKSl {T/ " i " > wwhbw 



[0 7) 
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A 

i 4 7T ! -H \ 















12000 
10000 
8000 



2000 
0 
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IS 
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£ 2000 

10C0 
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-a 015 -a. oi -0.005 o 0.005 o.oi c. 015 

(m) 



\ 63 



11 0] 



62. 



j jr-HB-g 



J? 




11 9] 



[01 3] 
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(15) 



4*BH¥8 -3 3 1 8 2 3 



[HI 5] 



mi 6] 



1.96 
1.94 
1.92 

1.9 
1.88 
1.66 
1.84 
1.82 

1.8 



bA,? (N.n) 
15 



3 
15 

2 
1.5 

t 

as 
o 



-15 -10 "5 0 
[eJfetitfg (deg mech) 
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[121 8] 



[02 1] 






2 

l.fl 






















5.5 












!. < 

1.2 
1 

0.8 
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0.4 












0.2 
n 
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<0O0 6000 8000 

Stci* lr/«io) 



10COO 



1ZOOO 



(51) Int. CI. 6 

H 0 2 K 1/27 

21/16 

H 0 2 P 6/06 



5 0 1 



F I 

HO 2K 



1/27 



21/16 
H 0 2 P 6/02 



5 0 1 E 
5 0 1 H 
M 

3 2 1 A 
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